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Abstract
CO2 conversion to fuels and chemicals has the potential to treat hundreds of millions of tons of CO2 annually, but so 
far, the process has never been economic. This paper will consider a new process for carbon capture and recycling 
in which CO2 is captured, and is subsequently converted to fuels and chemicals using a low temperature, low 
pressure, electrochemical process running on renewable energy.  The key advantage of the process is that it offers a 
potential economic route for CO2 conversion to high value chemicals.  Preliminary cost modelling indicates that the 
process is likely to be economic at current CO2 separation costs ($60/MT) even in the absence of carbon credits. 
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This paper describes an economic process to recycle CO2 back to fuels and chemicals, using water and renewable 
energy as inputs.   The process starts by reacting CO2 on the cathode of an electrolyzer to yield products such as 
carbon monoxide (CO) or formic acid (HCOOH):  
CO2 + 2H+ + 2eũ ė HCOOH (1)
CO2 + 2H+ + 2eũ ė CO + H2O (2)
The protons (H+) come from the electrolysis of water on the anode of the same electrolyzer unit:
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H2Oĺ 2H+ + ½ O2 + 2eņ (3)
The carbon monoxide (CO) or formic acid (HCOOH) then undergoes further reactions to yield products such as 
formaldehyde, acrylic acid, propylene, or gasoline as indicated in Figure 1.
Figure 1 An artist’s illustration of Dioxide Materials’ process to 
convert CO2 into fuels and chemicals.
Figure 2 A diagram of the energy path of the reaction followed by 
previous investigators and followed by Dioxide Materials1.
Figure 3 A plot of the Faradaic efficiency of the process to form the 
desired CO and the undesired hydrogen, and the turnover rate as a 
function of the applied cell potential.1 (Selectivity for CO: 
~99%)
Figure 4 The Faradaic efficiency of the process as a function of the 
ratio of water and ionic liquid.  These data were taken on a silver 
catalyst with a 300 mV overpotential. (High selectivity over wide 
range)
Previous workers have found that such a process is possible but not economically viable, because the selectivity and 
energy efficiency of the electrochemical reduction of carbon dioxide processes were modest.  However, scientists at 
Dioxide Materials and University of Illinois have identified a series of new catalysts, based on mixtures of 
imidazolium compounds and active metals that opened a new low energy pathway for CO2 conversion.  This process 
raised the selectivity of the CO2 conversion to CO to over 98%, and increased the overall energy efficiency to over 
80%1. See Figures 3 and 4.  The new catalysts lower the amount of electricity needed to produce a ton of product by 
a factor of 2-3, which makes the process economically viable.  
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The catalyst works by creating a new electrochemical pathway for CO2 conversion in which electrical energy is used 
to create a CO2-imidazolium complex, and then the complex reacts with protons or other species to yield a useful 
chemical product2.
Figure 5 The reaction pathways demonstrated so far.
So far, production of formaldehyde, formic acid, acrylic acid, carbon monoxide, and propylene has been 
demonstrated in the lab as illustrated in Figure 5.  If the U.S. production of these products all used a CO2 feedstock, 
the process would consume 100 million metric tons of CO2 per year.  
An economic model based on the laboratory results indicates that the production of formaldehyde, formic acid, 
acrylic acid, and carbon monoxide is likely to be economic even with a CO2 separation cost of $60/MT and no 
carbon credits. The process is particularly economic when the cost of electricity on the grid is low.  In some cases, 
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it may be economic to use our process to store electricity when the cost of electricity is low, and then reverse the 
process and sell the electricity back to the grid when the price of electricity rises.  
Figure 6 A preliminary estimate of the cost to produce a gallon of gasoline from CO2 as a function of the wholesale price of electricity
For example, Figure 6 shows some very preliminary estimates of the cost to produce a gallon of gasoline from 
captured CO2 in a plant that produces 50,000 bbl/day of gasoline. The cost does not include the cost of distribution 
or the cost of taxes.   The blue line is our projected cost; the orange line is approximately the current cost to produce 
a gallon of gasoline at a petroleum cost of $100/bbl.  The gray line is the approximate cost to produce a gallon of 
gasoline at a petroleum cost of $140/bbl.
Presently Dioxide Materials and 3M are collaborating on an ARPA-E project to scale the electrolyzer part of the 
process toward the industrial scale.  Our approach is to build self-contained electrolyzer modules.  We wish to 
eventually produce modules that are about the size and thickness of a 55” LED television, and then stack the 
modules together to produce an electrochemical plant.  Presently, we are working with individual modules that are 
about the size of a cereal box.  We have run the modules continuously in the lab for 250 hours.  Longer runs are now 
in process. 
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